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AFM/TIRFM Study of Individual Fibrin Fibers
Emilios K. Dimitriadis, Alina Popescu (Hategan).
NIH, Bethesda, MD, USA.
Colocalized imaging of individual fibrin fibers by combined atomic force mi-
croscopy (AFM) and total internal reflection fluorescence microscopy (TIRFM)
was used to gain insights into the structure and the effects of the degree of hy-
dration. In AFM images obtained under buffer conditions, fibrin fibers appear
flattened, with heights one order of magnitude smaller (tens of nm) than diam-
eters (hundreds of nm), with thicker fibers more flattened. All fibers present
thickness variations along their length, of up to 3 nm in diameter per 10 nm
length of fiber. Branching of fibers, at angles between 0-900 was also observed.
High resolution imaging reveals the periodic structure of fibers, with a period-
icity of 23 nm corresponding to half-staggering of protofibrils. Exchange of the
physiological buffer with water increases the cross-sectional area of individual
fibers to more than double. In dehydration and rehydration experiments, iden-
tical fibers show large variations in cross-sectional area. Upon drying, cross
sections decrease by up to more than 80% while upon rehydration the same
cross sections increase by a factor of up to three, relative to the dry value.
TIRFM imaging of the same fibers showed that fibers fluorescence correlated
with the topographical features imaged by AFM, suggesting that labeled pro-
tein is uniformly distributed throughout the fibers. Single-molecule TIRFM im-
aging of fibrinogen molecules, basic constituents of fibers, allows for
a molecular calibration that determines the number of molecules in individual
fibers; correlated with AFM topographical data informs to the degree of hydra-
tion of the fibers - a major question in the fibrin fiber structure.
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Mass-Per-Unit-Length Determination by Stem
Joseph S. Wall.
Brookhaven Nat. Lab, Upton, NY, USA.
Mass-per-unit-length is key to defining filament symmetry. STEM measures
mass and length simultaneously on freeze-dried, unstained specimens. The ac-
curacy is usually better than 5% for mass and 0.5% for length. Spatial resolu-
tion is typically 3nm at an electron dose of 10el/A˚2, so heterogeneity can be
measured along the traced length. Also, the projected mass profile determined
directly from the image can be compared with simulated models or transformed
to a radial density profile. Tobacco mosaic virus (TMV) is included in all spec-
imens as an internal control for structural preservation and freedom from salt
artifacts. Application to prions, amyloids and filamentous viruses will be
described.
The Brookhaven STEM operates at 40 keV with a probe size of 0.3nm obtained
by focusing a beam from a cold field emission source. The specimen is main-
tained at 160C to reduce mass loss. Specimens are fast frozen, freeze dried
overnight and transferred under vacuum to the microscope. Quantum efficiency
detectors measure every electron passing through the specimen as: unscattered
(bright field), scattered at small angles (SA) or scattered at large angles (LA,
dark field). The LA signal is used for mass measurements since it is free of co-
herent scattering effects (defocus phase contrast, diffraction contrast on crys-
tals). Off-line analysis masks particles to determine background, finds
filament segments and measures signal minus background, converting to
mass-per-unit-length. All measurements are stored in a database with statistical
analysis. http://www.bnl.gov/biology/stem/
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Aggregation and Fibril Formation in Oligo-Glu. Use of Isotope Edited
Vibrational Spectra to Assign Structure
Heng Chi1, William R. Welch2, Jan Kubelka2, Timothy A. Keiderling1.
1University of Illinois at Chicago, Chicago, IL, USA, 2University of
Wyoming, Laramie, WY, USA.
Aggregation and fibrilization have been determined to be ubiquitous properties
of protein and peptide systems placed under various forms of stress. Most such
systems have secondary structures with high beta sheet content, but this can
vary greatly in detail. While the most fundamental variance is the difference
in parallel and anti-parallel interstrand alignment leading to cross-strand
H-bond formation, the registration of identical strands, their twisting, and for
fibrils, the relative orientation of stacked sheets is also important in understand-
ing these basic protein interaction processes that have important biomedical
consequences. We have chosen to model the process using glutamic acid pep-
tides due to some of their unique properties. At low pH, polyGlu forms fibrillar
structures with unique IR signatures in the amide I region, which have been as-
signed as arising from bifurcated H-bonding (b2 form). We have shown the
same patterns can develop in oligo-Glu (Glu10) and various labeled mutants
(using 13C-Val to incorporate labels on the amide C=O), and that with isotope
labeling we can assign the structures to have antiparallel sheet formation andmost likely being out of register by one residue. IR and VCD data are shown
to be consistent with computational models based on idealized sheet structures.
Addition of the sidechain effects on the spectral response is being modeled as
well as the effects of stacking in the fibrillar structure.
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Characterizing the Role of Palindromic Strand Exchange in Alpha
Crystallin Oligomerization
James A. Hebda, Alexander Pearlman, Patricia B. O’Hara.
Amherst College, Amherst, MA, USA.
The small heat-shock protein (sHSP) alpha-crystallin is a major component of
the eye lens where it performs critical functions in maintaining lens transpar-
ency. Alpha-crystallin acts as a molecular chaperone to prevent stress-
damaged and aging proteins from forming light-scattering aggregates. Further,
a high concentration of alpha-crystallin contributes to a large and uniform re-
fractive index across the lens tissue. Despite being expressed in such high con-
centrations, alpha-crystallin does not form aggregates itself, a property
facilitated by the assembly of alpha-crystallin into polydisperse, dynamic olig-
omers that frustrate aggregation and crystallization. Structural studies suggest
that one mechanism underlying this polydisperity may be the ability of a palin-
dromic sequence centered on the sHSP IXI motif in the alphaB-crystallin iso-
form c-terminus to bind bidirectionally to other monomers. Strand exchanges
formed in this manner would result in varied oligomeric structures while main-
taining near identical residue interactions. We are using Fo¨rster resonance en-
ergy transfer (FRET) to measure the ability of the palindromic sequence to bind
in differential orientations in solution and to determine any intrinsic directional
bias. These data will help determine whether bidirectional strand exchange is
important for aB-crystallin function by assaying how strand binding influences
chaperone activity. Our work will build upon the proposed mechanism of
alpha-crystallin polydisperity and clarify the importance of bidirectional strand
exchange for alpha-crystallin function.
2023-Pos Board B42
Folding and Unfolding of pH Sensitive Peptides: The Role of Interfaces
Denise Schach, Clemens Weiss, Christine Peter, Mischa Bonn,
Tobias Weidner.
Max Planck Institute for Polymer Research, Mainz, Germany.
GALA is a 30 amino acid synthetic peptide consisting of a Glu-Ala-Leu-Ala
repeat, known to undergo a reversible structural transition from an unordered
to an a-helical structure when changing the pH from 7 to 5. In its helical state
GALA is amphiphilic and can insert into and permeabilize membranes. This
effect has generated much interest because of potential applications for pH trig-
gered targeted drug delivery. GALA also serves as a well-defined model system
to understand cell penetration mechanisms and protein folding triggered by ex-
ternal stimuli. The structural reconfiguration of GALA in solution has been
studied extensively. However, cell penetration is an interfacial effect and oc-
curs at the membrane surface. Owing to experimental challenges in determin-
ing peptide confirmation at an interface, GALAs interaction with surfaces is
still unknown. A key question is: What is the secondary structure of GALA spe-
cifically at interfaces such as the air-water or water-lipid interfaces? In other
words: how does the presence of an interface affect the intricate balance of
forces governing folding and unfolding of GALAs Glu-Ala-Leu-Ala motive?
We have used sum frequency generation vibrational spectroscopy to probe
the structural response of GALA at the air-water interface. SFG is highly inter-
face specific and only probes peptides directly, i.e. within a few Angstrom, at
the water-air or water-lipid surface. The data reveal that a large fraction of the
GALA population at the water-air interface remains helical above pH 5, while
a complete reconfiguration into the unordered state was observed in solution by
transmission infrared and circular dichroism spectroscopy. We attribute this ef-
fect to the stabilizing interactions of hydrophobic leucine side chains with air.
Molecular dynamics simulations support the view that the surface plays a key
role in the balance of structure-building forces at the interface.
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Fluorescence Anisotropy in a Protein: DNA System Undergoing Inducible
Assembly
Zahra Gholami, Quentin S. Hanley.
Nottingham trent university, Nottingham, United Kingdom.
Fluorescence anisotropy may be used as an indicator of homo-FRET making
it an attractive reported of oligomer formation and aggregation. A model sys-
tem was created consisting of a monomeric teal fluorescent protein peptide
nucleic acid (mTFP-PNA) fusion. The mTFP-PNA monomer units produced
by expressed protein ligation (EPL). An mTFP with a C-terminal thioester
group was expressed with a modified intein and subsequently conjugated to
a PNA with an N-terminal thiol group. This generates a native peptide
bond at the ligation site. Addition of a complementary template DNA to
Tuesday, February 5, 2013 395asolutions of mTFP-PNA monomer units resulted in template directed induced
assembly. Assembly was confirmed by SDS-PAGE, mass spectrometry, and
size exclusion HPLC.
Fluorescence anisotropy was monitored over the course of a mTFP-PNA:DNA
titration. Template coding for dimer formation was studied. The anisotropy
showed a decreasing trend related to homo-FRET in the assembled forms. A
maximal reduction (41%) was observed at a DNA to mTFP-PNA ratio of
1:2. Anisotropy, then increased steadily up to a 1:1 ratio.
This study demonstrates an inducibly assembled homo-FRET system using ex-
pressed protein ligation which may be extended to study oligomerization and
cluster formation in living systems.
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Effect of Lipid Bilayers on Prion Peptide Aggregation: Insights from
Coarse-Grained Molecular Simulations
Mikyung Seo, D. Peter Tieleman.
University of Calgary, Calgary, AB, Canada.
Prion diseases are neurodegenerative diseases associated with a conformational
change of the normal cellular form of the prion protein (PrPC) to an abnormal
aggregated form (PrPSc). Recent research suggests that oligomeric rather than
plague forms of prion protein (PrP) are the main toxic species, but it is not clear
how they lead to disease development. However, the interactions of PrP with
membranes have been reported to affect the behavior of PrP, and have been im-
plicated in the toxicity of oligomers. To gain insight into the molecular basis of
this effect, we use coarse-grained molecular simulations to study the ability of
several amyloidogenic PrP and yeast prion protein fragments to interact with
zwitterionic and anionic model membranes. Monomeric and oligomeric forms
of PrP are studied in water and in the presence of phosphatidylcholine (POPC)
and phosphatidylserine (POPS) bilayers. The conformation of PrP and peptide-
lipid interactions are characterized, and the influence of peptide binding to dif-
ferent lipid bilayers on the aggregation process is analyzed.
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Pores Versus Fibrils: Calcium Ions Regulate Different IAPP-Mediated
Membrane Damage Mechanisms
Michele F. Sciacca1, Danilo Milardi2, Grazia M.L. Messina3,
Giovanni Marletta3, Jeffrey R. Brender1, Ayyalusamy Ramamoorthy1,
Carmelo La Rosa3.
1University of Michigan, Ann Arbor, MI, USA, 2Istituto di Biostrutture e
Bioimmagini CNR-UOS, Catania, Italy, 3University of Catania, Catania,
Italy.
The disruption of plasma membrane integrity by amyloidogenic proteins is
linked to the pathogenesis of a number of common, and frequently deadly, de-
generative diseases. using hIAPP (an amyloidogenic peptide associated with
beta-cell death in type II diabetes) as an example, we demonstrate that Ca2þ
ions modulate the membrane interaction of hIAPP, significantly enhancing
fiber-dependent membrane disruption while suppressing a pore-like mecha-
nism. QCM, AFM, and NMR results show that Ca2þ ions promote a shallow
membrane insertion of hIAPP, which leads to both the early accumulation of
non-fibrillar oligomers on the membrane surface and later detergent-like re-
moval of lipids from the bilayer triggered by fiber growth. Since both mecha-
nisms are common to amyloid toxicity by most amyloidogenic proteins, it is
likely that unregulated Ca2þ homeostasis, amyloid aggregation, peptide bind-
ing to lipids and membrane leakage are all parts of a self-perpetuating cycle fu-
eling amyloid cytotoxicity.
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Specific Sequences within Beta-Amyloid Mediate Aggregation Associated
with Lipid Membranes
Elizabeth A. Yates, Sherry L. Finkel, Michael Lynch, Elena M. Cucco,
Charles S. Umbaugh, Justin Legleiter.
West Virginia University, Morgantown, WV, USA.
A hallmark of Alzheimer’s disease (AD), a late onset neurodegenerative dis-
ease, is the presence of neuritic amyloid plaques deposited within the brain
comprised of beta-amyloid (Aß) peptide aggregates. Aß forms a variety of
nanoscale, toxic aggregates which have been shown to strongly interact with
supported lipid bilayers, which may represent a key step in potential toxic
mechanisms. Understanding how specific regions of Aß regulate its aggrega-
tion in the absence and presence of surfaces can provide insight into the fun-
damental interaction of Aß with cellular surfaces. We investigated the
interaction of specific fragments of Aß (Aß1-11, Aß1-28, Abeta10-26,
Aß12-24, Aß16-22, Aß22-35, and Aß1-40) with lipid membranes. These se-
quences represent a variety of chemically unique regions along Aß, i.e., the
extracellular domain, the central hydrophobic core, and transmembrane do-
main. We determined how these Aß sequences alter aggregate morphology
and induce mechanical changes of lipid bilayers using various scanning probemicroscopic techniques, and compared these aggregates with those formed un-
der free solution conditions. In free solution, oligomer and fibrillar aggregate
species were formed with varied rate of formation and morphology, i.e. smaller
fragments (Aß1-11, Aß12-24, Aß16-22, and Aß22-35) formed smaller oligo-
mers, and shorter, less rigid fibrils. Interaction with model lipid bilayers re-
sulted in distinct aggregates and changes in bilayer stability dependent on
the Aß fragment. Aß10-26, Aß16-22, Aß22-35, and Aß1-40 caused disruption
of the lipid bilayer structure upon exposure and resulted in a variety of distinct
fibrillar aggregates. These interactions were associated with altered mechani-
cal properties of the lipid bilayer. Conversely, Aß1-11, Aß1-28, and Aß12-24
had minimal interaction with a lipid membrane, forming only oligomers. These
studies illustrate the potential role of specific amino acid sequences within Aß
on aggregation and interactions with lipid membranes.
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The Interactin of Huntingtin Exon1 with Lipid Bilayers is Regulated by
polyQ Length and polyQ Flanking Sequences
Kathleen Burke, Charles S. Umbaugh, Kaitlin Hensal, Justin Legleiter.
West Virginia University, Morgantown, WV, USA.
Huntington’s Disease (HD) is a neurodegenerative disorder that is defined by
the accumulation of nanoscale aggregates comprised of the huntingtin (htt) pro-
tein. Aggregation is directly caused by an expanded polyglutamine (polyQ) do-
main near the N-terminus of htt, leading to a diverse population of aggregate
species, including oligomers and fibrils. Furthermore, the length of the polyQ
domain is directly related to onset and severity of disease. The first 17 amino
acids on the N-terminus (N17) and the polyproline (polyP) domain on the C-ter-
minal side of the polyQ domain have been shown to further modulate the ag-
gregation process. Additionally, N17 appears to have lipid binding properties
as htt interacts with a variety of membrane-containing structures present in
cells, such as organelles, and interactions with these membrane surfaces may
further modulate htt aggregation. To investigate the interaction between htt
exon1 and lipid bilayers, in situ atomic force microscopy (AFM) was used to
directly monitor the aggregation of htt exon1 constructs with varying polyQ-
length or synthetic peptides with different combinations of polyQ domain
flanking sequences associated with htt exon1 on supported lipid membranes
comprised of total brain lipid extract. The exon1 fragments accumulated on
the lipid membranes, causing disruption of the membrane, in a polyQ-length
dependent manner. By adding N-terminal tags to the htt exon1 fragments,
the interaction with the lipid bilayer was impeded. Synthetic peptides lacking
the N17 flanking sequence had no appreciable interaction with lipid bilayers.
Interestingly, polyQ peptides with the N17 flanking sequence interacted with
the bilayer. This interaction was further modulated by the addition of the polyP
domain.
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The Molecular Assembly of the Aerolysin Pore Reveals a Unique Swirling
Membrane-Insertion Mechanism
Matteo Degiacomi, Ioan Iacovache, Gisou van der Goot,Matteo Dal Peraro.
EPFL Lausanne, Lausanne, Switzerland.
Aerolysin is the founding member of a super-family of ß-pore forming toxins
for which the pore structure is unknown. We have combined X-ray crystallog-
raphy, cryo-electron microscopy (EM), molecular dynamics and computational
modeling to determine the structures of aerolysin mutants in their monomeric
and heptameric forms, trapped at various stages of the pore formation process.
A dynamic docking approach based on swarm intelligence was applied
whereby the intrinsic flexibility of aerolysin extracted from new X-ray struc-
tures was utilized to fully exploit the cryo-EM spatial restraints. using this in-
tegrated strategy, we obtained a radically new arrangement of the prepore
conformation and a near-atomistic structure of the aerolysin pore, which is fully
consistent with all biochemical data available so far. Upon transition from the
prepore to pore, the aerolysin heptamer shows a unique concerted swirling
movement, accompanied by a vertical collapse of the complex, ultimately lead-
ing to the insertion of a transmembrane ß-barrel.
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Concentration Dependent Transition of Membrane-Bound Beta-Stranded
KIGAKI Peptides from Unstructured Monomers into Immobilized Amy-
loid Fibrils Observed by Solid-State 19F-NMR
Erik Strandberg, Parvesh Wadhwani, Jochen Bu¨rck, Nico Heidenreich,
Susanne Fangha¨nel, Anne S. Ulrich.
Karlsruhe Institute of Technology, Karlsruhe, Germany.
The structure, membrane alignment, flexibility, and aggregation behavior of the
b-stranded antimicrobial peptide KIGAKI [with sequence (KIGAKI)3-NH2]
has been determined in oriented lipid bilayers using circular dichroism (CD),
oriented CD (OCD), and solid state NMR spectroscopy. Several IIe or Ala res-
idues were replaced one at a time with CF3-L/D-Bpg or Ala-d3. At high
